association between untreated dental caries and household food insecurity in schoolchildren Associação entre cárie dentária não tratada e insegurança alimentar em escolares . Divergent results are reported regarding the association between FI and overweight in children [19] [20] [21] . Further studies on this issue are needed.
Diet is also a determinant factor in the etiology of dental caries. Foods with high carbohydrate content, especially sucrose, are considered the most cariogenic. Bacteria found in dental biofilm (plaque) use sucrose in the glycolytic pathway and generate acids that can lead to the demineralization of teeth. Some bacteria use sucrose as a substrate for the production of intracellular and extracellular polysaccharides, which are important factors in the genesis of caries 22 . Frequent sugar intake leads to the selection of acidogenic and acid uric bacteria in the biofilm capable of promoting the de-mineralization of the dental enamel 23 . Thus, the high carbohydrate intake characteristic of individuals in a state of FI can alter the microbiological and biochemical composition of dental biofilm, making it more cariogenic.
Some studies have evaluated FI and oral health, identifying possible associations between these variables. A significant association was found among FI, the seeking of dental services and the type of treatment performed on children aged five to 14 years in New Zealand [24] [25] [26] . Another study involving individuals between 18 and 64 years of age in Canada found that low-income laborers in a situation of FI exhibited a greater frequency of denture use and toothache, with consequent chewing and working difficulties, in comparison to low-income laborers without FI 27 . However, the studies cited assessed oral health through self-reports of the interviewees, with no clinical examination performed and no dietary profile evaluated. Moreover, the samples comprised a wide age. FI was assessed using a small number of items that are insufficient for understanding all the dimensions of this condition, which ranges from a reduction in the amount of healthy foods to the replacement of foods and even complete restriction. Only one study was found having used a validated questionnaire to measure FI and clinical examination to assess dental caries, which found a highly association between these variables in 7-to 9-year-old Brazilian children from a town with a low Human Development Index score 28 . Thus, the aim of the present study was to analyze the association between clinically diagnosed untreated dental caries (UDC) and household food insecurity (HFI) in different income strata of a representative sample of 12-year-old schoolchildren, considering other risk variables for dental caries.
methods study design and sample
A cross-sectional study was carried out with a multistage randomized sample representative of 12-year-old schoolchildren in a medium-sized southern city in Brazil (Araucária -Paraná), which has the second highest gross domestic product in its state and a human development index of 0.80. The population in 2010 was estimated at 109,943 inhabitants, with 101,796 residing in urban areas 29 . Fluoridation of the public drinking water has occurred in the city since the early 1980s and the mean fluoride concentration in urban areas is 0.7 mg/L 29 . Data from the Municipal Secretary of Education reveal that the city had 33 schools in urban areas in 2010, with a total of 2072 students aged 12 years 30 . The decision to study a sample of 12-year-old schoolchildren was based on fact that the World Health Organization (WHO) considers this to be the index age for the assessment of caries in the permanent dentition of children 31 . The calculation of the sample size was determined using the proportion estimate formula based on a prevalence value of 63.3% for dental caries among 12-year-olds 32 , a 95% confidence level and maximal acceptable error of 5%, considering a total population of 2072 schoolchildren. The minimal sample was determined to be 304 individuals, to which 60% as added to compensate for the cluster effect (n = 487) and a further 20% was added to compensate for possible losses, resulting in a total of 584 12-year-olds. Two-stage (schools and children) randomized cluster sampling was employed. The sample was also stratified by regional administration districts (8 districts) and type of school (public and private). In the first stage, public and private schools were randomly selected by lots in each administration district for the acquisition of the determined number of students. In the second stage, 12-year-olds were randomly selected by lots from the selected schools aiming to maintaining the proportion of 12-year-old students enrolled at each district and each type of school using data from the sample size calculation. Data collection was carried out between March and September 2010.
The inclusion criteria were 12 years of age, enrollment in public or private schools in Araucaria city and absence of systemic disease (based on information provided by parents/guardians).
Pilot study
A pilot study was carried out involving a convenience sample of 61 schoolchildren and their respective parents/guardians to test the methods and understanding of the data collection questionnaires and to draft a specific Food Frequency Questionnaire (for counting the number of sugary foods consumed daily). The results revealed no need to change the initially proposed methods. The children enrolled in the pilot study were not included in the main sample.
Data collection
For the assessment of dental caries experience, the participants were submitted to a clinical examination at school using the decayed, missing and filled teeth (DMFT) index 32 . The clinical exam was performed by a single, previously calibrated examiner (TPP). The calibration process involved two steps. Theoretic activities involved a discussion on the diagnosis of different stages of caries using projected photographic images. In the practical step, 10 children were examined by the same examiner on two occasions, with a 15-day interval between examinations. The dental professional who conducted the training of the examiner was considered the gold standard for the determination of inter-examiner agreement. The exams were carried out at the respective schools under natural light with the participants in the sitting position using a sterilized WHO ball point probe (Trinity ™ , São Paulo, SP, Brazil), sterilized flat mouth mirror (Golgran ™ , São Paulo, SP, Brazil) and individual protection equipment for the control of cross-infection. Sterilized gauze was used to clean and dry the dental surfaces.
HFI was assessed using the Brazilian Food Insecurity Scale (FIS-B), which is a version validated for Brazilian Portuguese 33 of a measure developed in the United States of America for the assessment of HFI
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. This assessment tool has a specific version for households with children and/or adolescents, which was filled out by the parents/guardians. The FIS-B for families is composed of 15 items with response options of 'yes (scored as 1)' , 'no' (scored as zero) and 'doesn't know/doesn't want to answer' (not counted in the score calculation). The items address the family's experience with the insufficient food intake in the previous three months, including concerns with a possible lack of food and the possibility of going an entire day without food. Affirmative responses (yes = 1) are summed (score range from 0 to 15), allowing the classification of the families into the following categories: food security (score: 0), mild FI (score: 1 to 5), moderate FI (score: 6 to 10) and severe FI (score: 11 to 15) 33 . Socioeconomic and demographic data were collected using a questionnaire filled out by the parents/guardians on the gender of the child, mother's schooling (nine categories ranging from 'did not study' to 'complete university education'), mother's marital status ('married/ stable union' , 'single' , 'widowed' and 'separated/ divorced'), number of children, number of residents in home and monthly household income. Income was analyzed based on the Brazilian minimum wage (BMW, equal to US$ 284.00 at the time of the study conduction) divided by the number of residents in the home for the calculation of per capita household income. The questionnaire also contained a question on access to dental care 'Did your child ever need dental treatment and not received it because of your impossibility of affording it or getting an appointment for he/she at a public dental service?' ('yes' , 'no') and a question on the time elapsed since the child's last dental visit ('less than 1 year' , '1 to 3 years ago' , '3 to 5 years ago' , 'over 5 years ago' , 'never').
The Food Frequency Questionnaire was used for the determination of sugar intake. This questionnaire was made up with the 20 foods (solids and liquids) which contained sugar in its composition most often reported to be consumed in the 24-hour logs by the participants in the pilot study (n = 61) 35 . The participants in the main study were instructed to choose an option ('never' , 'less than once a month' , '1 to 3 times a month' , 'once a week' , '2 to 4 times a week' , 'once a day' and '2 or more times a day') that came closest to their consumption of each of the foods listed on the questionnaire. Every different food, solid or liquid, that was answered to be consumed at least once a day was computed and added to assess the total number of sugary foods consumed daily by each child.
The sweet taste preference was assessed using a modified version of the Sweet Preference Inventory 36 , having the tea (Mate Leão ™ , Curitiba, PR, Brazil) as the vehicle, with the following concentrations of sucrose: 0.075 mol/L, 0.15 mol/L, 0.3 mol/L, 0.6 mol/L and 0.9 mol/L. It was also added one sugar free option (0.0 mol/L). The participants tasted one solution (30 mL) at a time in an increasing order of sugar concentration, alternating the ingestion of the solution with saltine crackers to desensitize the taste buds. At the end of the test, the participant chose the solution that most pleased him/her.
Samples of stimulated saliva were collected for the assessment of lactobacilli (LB) and mutans streptococci (MS) using the Dentalcult I and Dentalcult II laboratory kits (Laborclin ™ , Pinhais, PR, Brazil), respectively. In the school setting, the children were instructed to chew 2 cm 2 of paraffin (Parafilm M ™ , Laboratory Film, Chicago, USA), swallowing the saliva produced in the first minute and expectorating the saliva produced in the second and third minutes into a disposable plastic recipient. One aliquot of saliva was immediately used for inoculation of culture media on the surfaces of the slides of the Dentalcult I and II kits. A disk of bacitracin was then deposited on the surface of the culture medium of the Dentalcult II kit and a CO 2 pellet was placed at the bottom of the flask. The flasks were incubated in a microbiological culture incubator at 37° C for 48 hours (Dentalcult II) or 72 hours (Dentalcult I). The number of colony-forming units (CFU) of MS and LB per mL of saliva in each sample was determined by similarities with the bacterial levels illustrated in the manufacturer's manual.
The children also answered a question on the frequency with which they brushed their teeth ('does not brush' , 'once a day' , 'twice a day' , 'three or more times a day').
Data analysis
Data analysis involved the description of the absolute and relative frequencies of the variables according to the response variable 'UDC' , which was dichotomized as 'present' (D component of DMFT index ≥ 1) or 'absent' (D component of DMFT index = 0). Univariate Poisson regression analyses were performed to determine associations between the response variable and independent variables. 'Brushing frequency' , 'salivary levels of MS and LB' , 'marital status' , 'mother's schooling' and 'time since last dental visit' were dichotomized based on theoretic references. 'Number of children' and 'number of residents in home' were dichotomized by the median value. Sugar intake was categorized as '0 to 3' , '4 to 6' and ' ≥ 7' sugary foods consumed daily and sweet preference was categorized as 'low' , 'medium' and 'high' concentrations of sugar. Household income was categorized based on the Brazilian poverty line, which considers families below fourth BMW per capita as in extreme poverty 37 . Thus, it was divided into the following strata: 'per capita income ≤ ¼ BMW' , '¼ BMW < per capita income ≤ ½ BMW' , '½ BMW < per capita income ≤ 1 BMW' , per capita income > 1 BMW' . HFI (main explanatory variable) was dichotomized as 'present' (FIS-B score ≥ 1) or 'absent' (FIS-B score = 0). Multivariate Poisson regression models with robust variance were constructed to investigate the association between UDC and HFI in each income stratum, which allowed estimating prevalence ratios (PR) of UDC and respective 95% confidence intervals (CI) for the groups of children with and without HFI, adjusted by the other independent variables. Variables with a p-value < 0.20 in the univariate analysis were incorporated into the models. Biological, behavioral and socioeconomic variables that remained significant (p ≤ 0.05) after adjustments were maintained in the final models 38 . HFI was maintained in all models regardless of the p-value. The data were analyzed using the Statistical Package for the Social Sciences (SPSS for Windows, version 15.0, SPSS ™ Inc, Chicago, IL, USA). The study was approved by the Committee for Ethics in Human Research of Universidade Federal do Paraná (Brazil) and carried out according to the Declaration of Helsinki. Consent was obtained from the parents/guardians and agreement was obtained from the children individually prior to the data acquisition procedures.
results
A total of 538 children (318 girls and 220 boys) participated in the present study, representing a response rate of 92%. The main reasons for the losses were the non-return of the questionnaires and the absence of the child on the day of the exam. Intra-examiner and inter-examiner Kappa values on a tooth-by-tooth basis were greater than 0.81.
The mean DMFT index was 2.4 (standard deviation -SD: 2.3; median: 2). The prevalence of UDC (D component of DMFT index) was 45% (95% CI: 41-50); 54% of the children had filled teeth (F component of DMFT index) and 0.7% of the children had tooth loss due to caries (M component of DMFT index).
The prevalence of HFI was 39% (95% CI: 35-44); 28% of the children were in situation of mild HFI, 6% had moderate HFI and 5% had severe HFI. Total FIS-B scores ranged from 0 to 15 (mean: 1.9; SD: 3.5; median: 0). The questions with the greatest frequency of affirmative responses from parents/guardians were 'Were you worried that the food at home would run out before you could afford to buy or received more?' (27.9%), 'Did you run out of money for a healthy, varied diet?' (25.7%), 'Did you have to get by with only a few foods because the money ran out?' (23.2%), 'Were you unable to offer your children a healthy, varied meal because you had no money?' (21.9%) ( Table 1) .
Sixteen percent of the children belonged to families with a per capita household income of up to ¼ BMW; 31% belonged to families with a per capita household income above ¼ and less than ½ BMW; 37% belonged to families with a per capita income above ½ and less than 1 BMW and 16% belonged to families with a per capita income above 1 BMW.
The number of sugary foods consumed on a daily basis by the children ranged from 0 to 18 (mean: 6; SD: 4; median: 5).
The prevalence of untreated caries was greater among children who studied at public schools, those whose mothers had up to eight years of schooling, those in families with three or more children, those with five or more residents in the home, those with a per capita household income less than ½ BMW and those in food-insecure households (p < 0.05) ( Table 2 ).
The prevalence of UDC was greater among children with salivary levels of MS and LB ≥ 10 5 CFUs/mL (p = 0.004 and 0.011, respectively), those with a greater daily sugary foods intake (p < 0.05) and those who reported not brushing their teeth at least twice a day (p < 0.001) ( Table 3) .
Children in households with more severe situations of FI exhibited a greater daily consumption of sugary foods (Chi-square test for linear trend, p < 0.001). A significant association was found between income and HFI, as a lower per capita household income denoted higher HFI prevalence and severity values (Chi-square test for linear trend, p < 0.001).
The Poisson multivariate models stratified by income and adjusted for brushing frequency, salivary levels of MS and LB, number of sugary foods consumed daily and mother's schooling care demonstrated that HFI was associated with UDC only in the children with a per capita income ≤ ¼ BMW (p = 0.045) ( Table 4) .
Discussion
In the present study, UDC was associated with HFI. Only one study that investigated the impact of FI on clinically evaluated dental caries experience was found in the literature, which was conducted with Brazilian Amazon children 28 . Regardless minor differences in the study population (age and socio-economic contexts), the survey in Amazon also observed an association between dental caries and HFI in children. Likewise, previous studies using self-reports of oral health have indicated this association, when car-ies was represented by outcomes such as 'presence of toothache at night or in the previous month' , 'denture use' and 'previous experience with restorations and extractions' in children between five and 14 years of age in New Zealand 24-26 and low-income laborers between 18 and 64 years of age in Canada 27 . In the present state of knowledge regarding the etiology of dental caries, it is unacceptable for studies addressing factors associated with this outcome to disregard its classic determinants, such as demographic, socioeconomic, behavior and biological factors. The present study corroborates associations reported in the literature between dental caries and the number of children 39 , income [40] [41] [42] . These findings strengthen the notion that dental caries constitute a multifactor condition and confer credibility to both the method employed and the results obtained regarding HFI.
The use of a multivariate model involving explicative variables on different levels for the evaluation of the association between HFI and dental caries is a strong point of the present study, allowing the avoidance of the interference of confounding variables regarding the effect found among the variables of interest and ensuring greater accuracy in the findings. Moreover, the inclusion of microbiological factors in this analysis fills a gap often found in field studies. Despite the recognized importance of biological factors in the causal network of caries, it is difficult to evaluate variables that require laboratory support when large samples are involved.
One hypothesis that may explain the association between UDC and HFI is that FI leads 
Questions
Were you concerned that the food ran out before the house could afford to buy or received more? Did the food run out before you had money to buy more? Did you run out of money for a healthy, varied diet? Did you to get by with only a few foods because the money ran out?
Were you unable to offer your children a healthy, varied meal because you had no money? Did the children not eat enough because there was no money to buy more? Did an adult at home any time decrease the amount of food or skip meals because there was not enough money to buy more? Did you ever eat less than felt you should because there was no money to buy more? Have you ever felt hungry but did not eat because they could not afford enough food? Did any adult at home lose weight because they do not have enough money to buy food? Did any adult ever spend a whole day without eating or just had a meal because there was no money to buy more? Have you ever reduced the amount of food children's meals because there was no money to buy more? Have you ever had to skip a meal for children because there was no money to buy food? Were the children hungry, but you just could not afford more food? Were the children without food for a whole day because there was no money to buy more food? to an increase in sugar intake. Households in a situation of FI are more likely to purchase foods with a high energy density that are poor in nutrients and contain refined carbohydrates, fats and added sugar 46 . The present study represents advancement in comparison to previous studies investigating the relationship between dental caries and FI [24] [25] [26] [27] [28] by analyzing the dietary profile of the children and demonstrating that the consumption of sugary foods was greater among children in food-insecure households, especially in those with severe HFI. This hypothesis is supported by the analysis of the responses to the items of the FIS-B. Three of the four questions with the highest rate of affirmative answers ('Did you run out of money for a healthy, varied diet?' , 'Did you have to get by with only a few foods because the money ran out?' and 'Were you unable to offer your children a healthy, varied meal because you had no money?') regarded the qualitative rather than quantitative nature of food restrictions, resulting in an unhealthy eating pattern with the replacement of foods. However, when 'intakes of sugary food' had been included in the multiple model, the statistical significance of HFI was maintained. So, there must be other aspects of FI beyond an increase in sugar intake influencing the dental caries experience.
Another strong point of the present study was the analysis of the association between dental caries and HFI for each income stratum. Income has been described as the most important variable in the determination of HFI in Brazil
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. Households with a monthly income of less than two times the BMW have an approximately 13-fold greater chance of being in a situation of moderate to severe FI and a 2.9-fold chance of being in a situation of mild FI 48 . As this finding was confirmed in the present study and, based on the belief that, regardless the collinearity of these variables, income and FI comprise distinct constructs, the decision was made to stratify the analyses by income.
The stratified analyses demonstrated that the association between dental caries and HFI does not occur in the same fashion in the different income strata. The finding that dental caries in schoolchildren was influenced by HFI only in the lowest income stratum may be explained by the greater severity of FI in this stratum. In a family, children are only affected by more severe degrees of FI, whereas adults are the ones affected and children are generally spared in situations of mild degrees of FI 49 . Moreover, HFI in higher income strata may represent unexpected economic changes in the family structure, with the emergence of factors that may temporarily compete with the food budget 21 and incapability of managing their finances 50 . In a case-control study comparing families with an income above the poverty line in situations of mild FI and those with food security, the authors found that 37.5% of the former reported the loss of a job, the gain of another household member or the loss of food assistance 50 . Thus, HFI that affects higher income strata tends to be of short duration, which may not be enough to have an impact on oral health, as tooth decay is a chronic condition that depends on the exposure time to risk factors.
The finding that the association between dental caries and HFI occurs in the lowest income stratum suggests the need for food banks and/or assistance programs that can meet the needs of these families or income transference programs, which may assist in reducing the prevalence of dental caries. Every 10 Reais (Brazilian currency corresponding to US$ 5.57) in increased income in Brazilian families stemming from social transference programs increases the odds of food security by 8%, especially in low-income households (per capita income up to ¼ BMW) 49 . In the USA, a study demonstrated that access to breakfast at schools reduces the risk of mild HFI 7 . Another study realized in the New Zealand observed that offering supermarket vouchers to family with food-insecurity resulted in an increase in overall expenditure on food 51 . Thus, there is a need for changes in public policies and health promotion actions. An approach directed solely at the disease factor and its prevention has proven ineffective at times and there is a need for interventions that can reduce health inequalities through changes in the determinants of health 52 . As the FIS-B provides information on a recent period (previous three months), the decision was made to assess tooth decay based on the presence of UDC and not the DMFT index, which includes filled and missing teeth and therefore may reflect a situation prior to the HFI event. Since untreated caries is also a measure of access to dental care, it would be possible for the moderating effect of income on HFI to be partially explained by the fact that low-income families with FI cannot afford to pay for dental treatment due to competing financial demands. However, in the present study, 77% of the children reported having visited the dentist in the previous year and UDC was not related to difficulties in access to health services.
The present study has the limitations of all cross-sectional studies, especially the lack of temporality, which limits reliability in establishing the direction of the associations. The study design and the assessment tool used for quantifying HFI do not allow identifying how long the individuals surveyed have been in a situation of FI. HFI represents the conditions of household members as a group and not necessarily the condition of any particular member, especially a child. Such information would be useful to a better understanding of the role of FI as an episodic or cyclic condition in the development of dental caries. As tooth decay has a chronic, cumulative nature, the effects of FI on oral health are expected to be greater when the situation persists for a longer period of time. Thus, longitudinal studies using instruments that provide individually referenced food security information for children are needed to allow a better understanding of the association between dental caries and FI. 
Untreated dental caries multiple analysis
Adjusted PR, prevalence ratio adjusted by varying levels of salivary mutans streptococci and lactobacilli, frequency of tooth brushing, frequency of consumption of sugary foods and mother's schooling. CI, confidence interval; BMW, Brazilian minimum wage (about US$ 284.00 at the time of the study conduction). Results significant at the 5% level marked in bold. Frequencies lower than 538 are due to lack of data to one of the variables of the model.
Conclusions
Being in a food-insecure household was associated with a greater frequency of untreated dental caries among low-income schoolchildren, but had no significant impact on this variable among children from other income strata. Socioeconomic inequities are recognized to exert an influence on the occurrence of dental caries. Although the ways by which social disadvantages affect this outcome are not fully understood, the present findings indicate that actions aimed at ensuring access to quality food may be a good strategy for minimizing inequities in oral health and reducing caries experience among schoolchildren from low-income families.
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